ries. 3, 12 Thus, it is important to use patient-reported outcomes (PROs) in the measurement of pain relief following treatment for facial pain disorders.
The majority of neurosurgical studies on trigeminal neuralgia (TN) pain have not used PROs and make no attempt to quantify pain. For example, many published studies that have evaluated pain intensity outcomes following neurosurgical intervention used either a 3-or 5-point scale to measure pain, and these scales relied on the physician's assessment of pain relief and not on the patient's reporting. 1, 27 In addition, a literature review of surgical studies on TN revealed that 221 of 222 studies had not measured pain preoperatively, and therefore a comparison between baseline and postoperative pain could not be made. 34 Despite decades of neurosurgical management of TN, quantifiable benefits are difficult to obtain. Recognizing the lack of quantifiable outcome measures in the study of TN and facial pain disorders, the senior author (J.Y.K.L.) adapted the Brief Pain Inventory (BPI) to evaluate patients with facial pain. 24 The original BPI is an instrument that has been thoroughly vetted as a reliable and valid instrument. 6 It has been translated into over 75 languages and has been used successfully in hundreds of clinical trials. The senior author's appended version of the BPI was named the Brief Pain Inventory-Facial (BPI-Facial). In 2010, the senior author published a study describing the instrument and carefully analyzing and defining its psychometric properties. 24 In that study, the BPI-Facial was only administered at the initial visit; change score before and after intervention were not examined. In this current study, administration of the BPI-Facial before and after intervention provides insight into pain outcomes in a standardized format.
The challenge when using PROs is interpreting the change in instrument score and determining what magnitude of change should be considered clinically meaningful. 21 Changes in pain intensity or interference with daily activities may result in statistically significant changes that are not clinically relevant. The concept of the minimum clinically important difference (MCID) has been defined by several authors, such as Jaeschke and colleagues, who defined it as the "smallest difference in score in the domain of interest which patients perceive as beneficial and which would mandate, in the absence of troublesome side effects and excessive cost, a change in the patient's management." 21 This study investigates the MCID of the BPI-Facial change score in a cohort of patients who were evaluated by the senior author for neurosurgical intervention.
Methods

Patient Sample
This is a single center, institutional review board-approved, retrospective review of 234 patients seen between January 2006 and December 2011. The analysis includes data from patients who were evaluated by a single surgeon for TN. Patients seen in the office were asked to complete a paper questionnaire that included the BPI-Facial. After review of history, physical examination, and imaging, the senior surgeon (J.Y.K.L.) categorized patients' facial pain according to the Burchiel classification system and International Headache Society. 4, 19 Only patients with a diagnosis of TN (Type 1 or 2) were included in this study.
Outcome Measures
BPI-Facial
The BPI-Facial (Appendix 1) is composed of 18 questions that cover 3 domains of pain: 1) 4 questions that address pain intensity using the Numerical Rating Scale (NRS), 6 2) 7 questions that address pain interference with general activities of daily living (ADL) (general interference items), and 3) 7 questions that address pain interference with face-specific daily activities (facial interference items). 21 The BPI-Facial uses an 11-point Likert scale, ranging from 0 to 10 for all 18 items. 14 
Pain Intensity
Pain intensity was measured for the 4 items of the NRS using a Likert scale of 11 choices, ranging from 0 ("no pain") to 10 ("pain as bad as you can imagine"). The 4 items are as follows: 1) pain at its worst, 2) pain at its least, 3) pain at its average, and 4) pain right now.
Although pain intensity was calculated at its worst, least, average, and at present, we only present data for NRS-worst and NRS-average pain, as this provides the greatest face validity. Hence, pain intensity is presented as 2 variables: 1) worst intensity of pain and 2) average intensity of pain.
General Interference Items
Interference with general ADL 6 was measured for 7 different conditions using a Likert scale of 11 choices, ranging from 0 ("does not interfere") to 10 ("completely interferes"). The 7 items are as follows: 5) general activity, 6) mood, 7) walking ability, 8) normal work (includes both work outside the home and housework), 9) relations with other people, 10) sleep, and 11) enjoyment of life.
Although interference in each aforementioned activity was calculated, a composite general interference score was determined by averaging the 7 components of the scale.
Facial Interference Items
Interference with face-specific activities was measured for 7 different conditions using a Likert scale of 11 choices, ranging from 0 ("does not interfere") to 10 ("completely interferes"). 24 The 7 items are as follows: 12) eating a meal, 13) touching your face (including grooming), 14) brushing or flossing your teeth, 15) smiling or laughing, 16) talking, 17) opening your mouth widely, and 18) eating hard foods like apples.
Although interference for each activity was calculated, a composite facial interference score was determined by averaging the 7 components of the scale.
Patient Global Impression of Change
In addition to completing the BPI-Facial at the time of their follow-up visit, patients completed the Patient Global Impression of Change (PGIC; Appendix 2). Follow-up visits were typically 30 days after the patient's procedure. During that visit, patients were not shown their initial BPIFacial questionnaires; therefore, they did not know the specific score they had chosen before treatment. However, since the follow-up period was short, patients were more likely to recall their preoperative pain.
The PGIC is a 7-point Likert scale of overall change in which patients are asked to choose 1 of 7 descriptors that best describes how their symptoms have improved or worsened.
14 The 7 categorical options are as follows: 1) very much improved, 2) much improved, 3) minimally improved, 4) no change, 5) minimally worse, 6) much worse, and 7) very much worse.
Data analysis
There are many ways to calculate the minimal clinically important difference (MCID). One method is the anchor-based approach, where an external criterion, also known as the anchor, is used to compare the change observed in a PRO tool. 7 In this study, the anchor was the PGIC, and the PRO tool was the BPI-Facial. Two statistical methods were used to compute the MCID using the anchor-based approach: mean change score and optimal cutoff point. 33 Missing data were not imputed and all calculations were restricted to completed data elements. All statistical analyses were performed using STATA version 10 for Windows.
Mean Change Score: Raw and Percentage Change
For each patient, the raw and percentage change score was calculated for the 3 domains of the BPI-Facial: pain intensity, composite general interference, and composite facial interference. To calculate the raw change score, each patient's follow-up score was subtracted from his/ her baseline score. Hence, positive change scores reflect a decrease in pain intensity and a decrease in pain interference. The percentage change was calculated by dividing the raw change score by the baseline score.
Optimal Cutoff Point
The MCID was calculated using the optimal cutoff point method by plotting receiver operating characteristic (ROC) curves. ROC curves have been used as a tool to measure the classification performance of diagnostic or screening tests, namely, the ability to distinguish diseased from healthy individuals (http://knowledge.sagepub.com/ view/epidemiology/n394.xml). 30 The diagnostic accuracy of the tool is determined by the area under the ROC curve (AUC). 16, 18, 30 For the purposes of this study, the PGIC was used as the diagnostic test.
Three different models were created based upon the PGIC categories. The most stringent model only included patients who chose the descriptor "very much improved." The intermediate stringency model included patients who chose the descriptors "very much improved" or "much improved." The least stringent model included patients who chose the descriptors "very much improved," "much improved," or "minimally improved." ROC curves for each stringency model were created for the 3 domains of the BPI-Facial (pain intensity, composite general interference, and composite facial interference).
The intermediate stringency model has been commonly used as the definition of the MCID, when using the 7-point PGIC. 33 To calculate the optimal cutoff point (MCID) for the intermediate stringency model, subjects were grouped into a dichotomous outcome: "better" and "not better." The "better" group was defined as the patients who chose either 1) "very much improved" or 2) "much improved" on the PGIC. The remaining patients were defined as "not better." ROC curves were then created by respectively plotting sensitivity and 1-specificity on the y-and x-axis on a 2D square plot for a series of cutoff points. Sensitivity was defined as the number of patients who were correctly identified as "better," and specificity was defined as the number of patients correctly identified as "not better." 12 The Youden index (J) was used to determine the optimal cutoff point. J is the point on the ROC curve that maximizes the test's differentiating ability, while equally weighing sensitivity and specificity.
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The index is the "maximum vertical distance between the ROC curve and the diagonal or chance line." 9, 30 The AUC was also calculated. The AUC represented the probability that change scores correctly discriminated patients who were "better" from those who were "not better." 10, 16 According to Hosmer and Lemeshow, an AUC of 0.7-0.79 was considered to be acceptable discrimination, 0.8-0.9 to be excellent discrimination, and greater than 0.9 to be outstanding discrimination. 20 
results
Patient characteristics
Of the 234 subjects included in this analysis, 207 (88%) subjects completed majority of the 18-item BPI-Facial questionnaire at their baseline and follow-up visit, as well as the PGIC at the follow-up visit. The mean age of the subjects in the study was 62.1 years, and 62% of the subjects were female. The mean follow-up period between baseline and follow-up visit was 3.7 months, and the mean time between surgical procedure and follow-up visit was 1.4 months. Characteristics of the patients are summarized in Table 1 .
The majority of patients were diagnosed with Burchiel Type 1 TN (79%); the remaining patients were diagnosed with Burchiel Type 2 TN (Table 2 ). In addition, the V2 and V3 distributions were the most commonly affected distributions of pain, and just more than half of patients had right-sided pain (56%).
Two hundred thirty patients underwent at least one of the following neurosurgical interventions: microvascular decompression (46%), Gamma Knife radiosurgery (47%), and percutaneous glycerol rhizotomy (5.1%) ( Table 2) . Four patients who did not undergo a procedure attended follow-up visits at which they completed the BPI-Facial questionnaire. Those 4 patients were included in this analysis because their pain should theoretically not have changed and thus their scores should not have changed.
Patient Distribution of the Pgic
Of the 207 subjects, 77 characterized themselves as either "very much improved" or "much improved" (Fig. 1) . Fourteen percent of all subjects had characterized themselves as having "no change," being "minimally worse," or being "much worse." No patient rated himself or herself as "very much worse."
calculating the MciD
Mean Change Score: Raw and Percentage
The raw and percentage change scores were calculated for the 3 domains of the BPI-Facial (pain intensity, composite general interference, and composite facial interference) (Tables 3 and 4) . Box plot analysis revealed that the average intensity of pain had the smallest distribution of change scores on the BPI-Facial, while the worst intensity of pain had the largest distribution of change score (Fig.  2) .
The raw and percentage changes for the worst and average pain intensity were calculated for each of the 7 categories of the PGIC (Table 3 ). This allows the readers to choose the appropriate MCID for their own particular study or area of interest-since researchers with an interest in a medication with minimal side effects may choose a less stringent criterion for MCID, whereas researchers with an interest in a new invasive surgical procedure may choose a more stringent criterion for MCID. For the purposes of this study, the mean change score method of MCID calculation was determined by patients who reported "much improved" outcomes on the PGIC. The MCID was a 44% reduction in worst pain intensity and a 30% reduction in average pain intensity (Table 3) .
Since pain was not only measured on an intensity scale but also with respect to how it interfered with ADL, the MCID for the composite general interference score and composite facial interference score of the BPI-Facial questionnaire was also calculated. Table 4 provides the average raw and percentage change score for each category of the PGIC. Patients who reported "much improved" outcomes on the PGIC determined the MCID for this method. The MCID was a 54% reduction in general interference and a 63% reduction in facial interference. In comparison with pain intensity, a greater percentage improvement was needed for both general and facial interference items for patients to rate their change as clinically significant.
Optimal cutoff Point
We present the selected cutoff points (MCID) for the 3 domains of the BPI-Facial (pain intensity, composite general interference, and composite facial interference) in raw and percentage format in Tables 5 and 6 . We present the results using the intermediate stringency model (patients who were "very much improved" and "much improved"). The MCID was a 57% reduction in worst pain intensity and a 28% reduction in average pain intensity. This result is similar to the mean change method of calculating the MCID (refer to Table 7 ).
The optimal cutoff point method was also used to calculate the MCID for the composite general interference score and the composite facial interference score (Fig. 3) . The same 3 models of varying stringency were used to generate ROC curves for the composite general and facial interference scores (Table 6 ). We present the results using the intermediate stringency model. The MCID was a 75% reduction in composite general interference and a 62% reduction in composite facial interference. Similar to the mean change score method, the optimal cutoff point method yielded MCID values that were higher for the interference items than for the pain intensity items (Table 7) .
Discussion
This study provides quantitative data using a reliable and validated outcome tool in the measurement of pain in patients with TN before and after intervention. Patients self-rated their own improvement in this study, and the change scores are based on the patient's perception of clinical relevance-the MCID. This is the first paper in the neurosurgical literature that defines the MCID using a well-validated tool such as the BPI-Facial. It should help to set a standard by which future studies assess facial pain. Many working groups have suggested that outcome studies in pain should use multidimensional outcome tools. For example, the multiinstitutional Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) defined 6 core domains to be considered in treatment trials of chronic pain: 1) pain intensity, 2) physical functioning, 3) emotional functioning, 4) participant ratings of improvement and satisfaction with treatment, 5) symptoms and adverse events, and 6) participant adherence to treatment regimen. 31 This study investigated 3 domains of pain: pain intensity, interference with general ADL, and interference with face-specific ADL. The percentage threshold change required for patients to rate themselves as improved was higher for the interference items than for the 2 intensity items alone (Table 7) . For example, a 30% improvement in pain intensity at its average was enough for patients to rate themselves as "much improved," but a 30% improvement in pain interference with either general or facial ADL was insufficient for patients to rate themselves as "much improved." Thus, although it is the severity of pain that leaves a lasting impression on practitioners who see TN patients in the office, it is the effect of that pain on an individuals' ADL that they want cured. Hence, the MCID was 57% for pain intensity at its worst and 28% for pain intensity at its average, but the MCIDs for the composite general and facial interference scores were 75% and 62%, respectively. This supports the concept that pain is multidimensional and cannot be simply measured on intensity alone.
There is one article in the available literature that presents data on the MCID in TN patients. 26 Reddy and colleagues presented data on 60 patients who underwent microvascular decompression. These authors used the visual analog scale and the Barrow Neurological Institute Pain Scale and calculated the MCID using the anchorbased approach. 5 Unfortunately, the visual analog scale is a 1-question measure of pain intensity and does not test additional dimensions of pain. In addition, the Barrow scale has not been validated for use as an outcome tool, although it is widely used. Perhaps because of a small sample size, Reddy et al. found widely varying results for the MCID and, in an effort to reconcile the large variance in the results, the authors simply averaged the high and low scores. This method is circumspect, considering that each method employs a different calculation technique and the methods are not statistically equivalent in weight or importance. Nevertheless, the authors do provide insight into some of the difficulties in measuring pain before and after intervention. Average pain intensity has the smallest change in score in almost every category of the PGIC. The "much improved" group has a wide distribution of scores for the 3 domains. Dots represent extremes and hatches represents quartiles.
Methodology
Of the 2 methods used in this paper for calculating the MCID, the optimal cutoff point method with ROC curve analysis was the superior method because it used all available data and maximized classification; therefore, this method was used to determine the threshold MCID values for this study. The mean change score method of calculating the MCID was simple to perform, but it ignored a significant amount of data. For example, if we had defined the "much improved" group as the MCID, only 47 patients would have been used to calculate the mean change score. The mean change score method would have discarded the change scores for all the other patients who had rated themselves in another category of the PGIC. In contrast, ROC curve analysis was performed utilizing the change scores for every patient to correctly classify patients who were "better" and those who were "not better." Hence, the preferred method for calculation of the MCID was the optimal cutoff point method. Despite this, we recognize that sensitivity and specificity in this study ranged from 65% to 93% and that it was not uniformly greater than 90%. However, the AUC ranged from 0.85 to 0.9 for the percentage change scores for the 3 components of the BPI-Facial questionnaire. The AUC values indicated the BPI-Facial questionnaire's ability to discriminate patients who were "better" from those who were not. According to Hosmer-Lemeshow criteria, our values are indicative of excellent discrimination between "better" and "not better" patients. 20 The results that we present appear to have internal consistency. Raw change scores are presented alongside percentage change scores, since studies have shown that a 1-point decrease in pain from 3 to 2 (33%) is more significant than a 1-point decrease in pain from 10 to 9 (10%). 14 One caveat is that we have presented the average of 7 general interference items and the average of 7 facial interference items. Although the raw averaged numbers can be compared, we are less confident about the validity of presenting the percentage scores of the averaged 7 items because their statistical equivalence cannot be assured.
Additional research is needed to determine the underlying importance of each specific question of the BPI-Facial questionnaire and its correlation to TN. 13 Nevertheless, we are encouraged because the AUC for the percentage values were larger than the the raw value AUC (Tables 5 and 6 ). Thus, we believe that perhaps for this patient population, utilizing the percentages of averaged values is acceptable.
We omitted 2 measures of pain intensity: "pain at its least" and "pain right now." "Pain at its least" was excluded from the analysis because the values were similar to "pain at its average," and it did not contribute any significant data to the study. "Pain right now" was excluded from the analysis because scores can vary greatly and may be confounded by many factors, including what the patient was doing before they filled out the survey.
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Future Directions
This study has practical value in an era of comparative effectiveness analysis. Future interventions in patients with TN and facial pain may need to specify criterion for success after medical or surgical intervention. For example, a prospective study may have to calculate a power analysis and sample size with an a priori plan to detect a 30% change in average pain intensity and a 70% change in composite general interference score and composite facial interference score. In this way, a new procedure or new treatment for patients with refractory facial pain can be validated and hopefully approved. 17, 23 Fortunately, patients with TN have had great success with microvascular decompression, Gamma Knife treatment, and glycerol rhizotomy; however, patients with atypical facial pain continue to suffer from a lack of validated treatment options.
limitations
One of the difficulties of studying subjective data, like pain, is that statistically significant differences between numeric pain scores may yield scientifically valid results, but those results may only provide negligible benefit for patients. Recognizing this problem, many investigators have described methods to calculate the MCID. The anchor-based method has a common flaw-that is, the reliance on a single question or anchor-which in our case is the PGIC. The use of a single anchor to validate study results has been challenged. 25 For example, the PGIC may be confounded by variables such as complications, comorbidities, and cognitive status. However, the PGIC has been well validated, and many investigators have used this single scale as an anchor or measure of comparison for other outcome tools. 2, 22, 29, 33 The PGIC also takes other factors into account that patients consider when rating their overall improvement, such as the following: sleep disturbance, cognitive dysfunction, depressive symptoms, and physical functioning. 15 Despite its limitations, the PGIC, we believe, is a valid anchor for calculation of the MCID.
Recall bias is a significant concern in a study like this. The present study was intentionally designed to study time points that were in close proximity to minimize recall bias. Authors of many clinical studies on TN pain have been interested in the maximum follow-up time so that patients' experiences can be studied longitudinally. However, subjects have difficulty recalling their prior state of health; they tend to forget their pain intensity and interference over time. 28 In addition, the scores they select on follow-up PRO measures are often derived from their current state of health, since they have difficulty recalling their baseline scores. 28 Thus, patients may inaccurately report their perceived progress. Crosby et al. had found that over an extended period of time, global rating scores might be flawed because scores might inaccurately portray the patient's true clinical change. 8 We believe that by minimizing follow-up time, subjects would be able to provide more accurate estimates of change in pain intensity and interference. Since the goal of the study was to define properties of the BPI-Facial instrument, longitudinal changes over time and the treatment received are less important than the characteristics of the specific instrument under study. Future studies will address long-term change in the BPIFacial results.
Lastly, another limitation of the study is its generalizability. Our prioritized patients with TN undergo surgery, since these patients have been referred for neurosurgical consult. Only 4 patients treated with medical management were included in this study. Future research could include a larger cohort of medically managed TN patients, which will improve generalizability of the BPI-Facial for this population.
conclusions
In conclusion, we hope that this paper will set a standard for pain outcome research in neurosurgery for patients with TN. It is important to use PRO measures, like the BPI-Facial questionnaire, to evaluate pain intensity and how pain interferes with ADL. The BPI-Facial instrument is a multidimensional tool that appears to accomplish these tasks. We calculated the MCID for the 3 domains of the BPI-Facial: 57% and 28% improvement in pain intensity at its worst and average, respectively, 75% improvement in interference with general ADL, and 62% improvement in interference with facial ADL. The BPIFacial is sensitive to change and measures 3 domains of facial pain. We encourage practitioners to employ the BPIFacial in their outcomes studies of these challenging but often grateful patients.
appendix 1 the Brief Pain inventory-Facial
Circle the ONE number that describes how, during the past week, pain has interfered with your: 
